Background
==========

Ticks and fleas represent a major concern for dogs for their primary injury on infested animals and for their role as vectors of virus, bacteria, protozoa and helminths \[[@B1]-[@B3]\]. Tick-borne diseases are indeed regarded among the principal causes of illness/death in endemic areas; additionally, some of the main tick-borne transmitted pathogens (e.g. *Ehrlichia*, *Babesia*, *Borrelia*, *Anaplasma* and *Rickettsia* species) are also zoonotic agents of great public health concern \[[@B3],[@B4]\]. In southern Europe, ticks and fleas represent a year-round hazard, although in these areas, ticks are more active from March to October, during spring and summer seasons \[[@B5]\]. Ownerless dogs are still a sanitary and animal welfare issue in many European countries and it has been estimated that stray dogs account for about 75% of the global population of dogs \[[@B6]\]. In Italy, stray dogs are controlled by spaying campaigns and by hosting them in shelters until their adoption or for their lifetime \[[@B7]\]. Local authorities are in charge not only of their maintenance in shelters but also their sanitary and preventive sustenance. However, due to limited funds currently available, in many shelters dogs do not receive adequate sanitary care. For this reason, in spite of the efficacy of several topical ectoparasiticides registered for the control of ticks and fleas in dogs, the short period of action (about 28 days) and the price, limit their use in shelters or dog refuges. Therefore, biocide molecules (e.g. organophosphates or pyrethroids) are periodically sprayed, mostly off label, on dogs and pen surfaces during the summer seasons to control ectoparasites \[[@B8]\]. Nonetheless, the efficacy of this practice in controlling ectoparasites is unpredictably conditioned by numerous variables such as the concentration of molecules, the frequencies of spraying and their residual effect in the environment and on dogs \[[@B9]\]. In addition, toxicity for both personnel and animals represents a major concern for this strategy \[[@B10],[@B11]\]. Recently, a combination of 10% imidacloprid and 4.5% flumethrin (Seresto®, Bayer Animal Health) has been developed for use in dogs and cats in a polymer matrix collar \[[@B12],[@B13]\]. By virtue of a combined repellent and insecticidal activity against fleas and ticks and of the slow release collar matrix system, the protection against these ectparasites has been demonstrated over a period of eight months \[[@B13]\]. In addition, this combination has recently proved to confer long-term protection against infection by *Leishmania infantum* to dogs located in a hyper-endemic area of southern Italy \[[@B14]\]. This paper reports on the efficacy of imidacloprid/flumethrin slow release collars to cure dogs highly infested with ectoparasites and to prevent new infestations for 8 months in a refuge with a history of an unsuccessful series of environmental treatments with biocides. As a consequence of their high efficacy in controlling fleas, the collars also proved to be efficacious in curing cases of flea allergic dermatitis.

Methods
=======

Site and environment
--------------------

The investigation was conducted in a dog shelter in Lentini (N 37.284637°, E 14.995900°, province of Syracuse, Sicily, Italy). The shelter is a volunteer-based refuge for dogs where about one hundred ownerless dogs are housed in pens built on natural ground in a citruses plantation. Pens have a surface of approximately 20 m^2^ with a mean density of 2.7 dogs per pen. Tick and flea infestation was usually controlled by weekly spraying biocides (i.e. Amitraz, Taktik® 125, Farmaceutici Gellini s.r.l.) on dogs and on pen surfaces. However, this practice was not efficacious in controlling ectoparasites. Indeed, despite frequent environmental treatments, the veterinarians responsible for the shelter complained about the massive tick and flea infestation of dogs during the months of June and July 2012. The ectoparasite infestation was so high that it induced reluctance in volunteers to care for these animals as they were scared to go through infested pens.

Animals and procedures
----------------------

In August 2012 a total of 82 (51 females and 31 males) mongrel dogs from 6 months to 12 years-old and with a body weight ranging from 8 to 28 kg were collared at the same time with slow release collars containing a formulation of imidacloprid 10%/flumethrin 4.5% (Seresto®, Bayer Animal Health). Before placing the collars, tick load was evaluated by checking a total of 14 anatomical sites (i.e. face, ears (right and left), neck, forelimbs (right and left), armpits (right and left), thorax, abdomen, thighs (right and left) and hindlimbs (right and left)), and by sorting the number of attached ticks for each site examined into five classes, i.e. 1--5, 6--20, 21--50, 51--100, \>100. Flea presence and abundance were respectively assessed by combing dogs tolerating this procedure for \~3 minutes and by sorting them into three classes, i.e. 1--5, 6--20, 21--50. Dogs were identified using their microchip code, and for each of them a clinical form, including the dogs' data, anamnestic information and ectoparasite estimation, was filled out at the time of treatment. Dogs were followed-up for ectoparasite presence after 2, 7 and 14 days and biweekly thereafter up to 90 days. Furthermore, dogs were examined again for ectoparasite presence at the replacement of collars that occurred 8 months (day 250) after their application. To avoid any bias, parasitological examinations and replacement of collars were performed by the same operator for all control visits. Biocide treatments had been stopped 10 days before collar application and were not repeated anymore. Animals included in this investigation were not enrolled in any experimental trial and were managed according to local Italian animal welfare regulations. The collars were a registered product and were applied in accordance with the registered claims and following the manufacturers instructions. Samples of ticks (\~50) and fleas (\~50) were randomly collected from infested dogs at the time of treatment and during the following controls. These parasites were stored in vials containing 70% alcohol and subsequently identified at species level using morphometrical keys for ticks \[[@B15],[@B16]\] and for fleas \[[@B17]\].

Data analysis
-------------

Data collected in the clinical forms were transferred into an electronic spreadsheet (Excel® 2010, Microsoft) for data elaboration and analysis. To perform easier data management, classes of infestations estimated at the time of inclusion for each site and for each dog were converted to number, using the mean value of class or to "101" for the class "\>100" as reported in the following: class 1--5 = 3; class 6--20 = 13; class 21--50 = 35; class 51--100 = 75; class \>100 = 101. Ecological indexes, i.e. mean intensity (ratio between tick abundance and number of positive animals), mean abundance (ratio between tick abundance and number of examined animals), were calculated for ticks infesting dogs according to Bush *et al.*\[[@B18]\]. At the time of treatment, total tick abundance and frequency (ratio between the number of tick infested sites and the number of examined sites) were calculated for each examined site. Mean value of positive sites per dog at day 0 was also calculated to assess the pattern of infestation (e.g. clustered or scattered). Inverse-Distance-Weighting multivariate interpolation method (IDW) was used to interpolate data on tick infestation load (i.e. frequency and abundance) from the examined sites to the entire surface of dog body, considered for the purpose as bidimensional \[[@B19]\]. A dog map was generated and IDW was calculated and graphically represented using ArcMap^TM^ 10.0 (ESRI Inc., USA).

###### 

Number and prevalence of tick infested dogs, and ecological index values for ticks in 82 dogs hosted in the shelter before (Day 0) and after (Day 2 -- Day 250) the application of imidacloprid/flumethrin slow release collars

                                        **Visit**                                                                    
  ---------------------------------- --------------- ------------- ------------- ----- ----- ----- ----- ----- ----- -------------
  Dogs (n)                                 82             81            80        79    78    78    77    77    77        77
  Positive (n)                             79             49            12         0     1     0     0     0     0         2
  Prevalence (%)                          96.3           60.5          15.0       0.0   1.3   0.0   0.0   0.0   0.0       2.6
  Tick Mean Intensity (± St. Dev.)    46.9 (± 65.7)   3.5 (± 4.3)   1.8 (± 0.7)   0.0   2.0   0.0   0.0   0.0   0.0       1.0
  Tick Mean Abundance (± St. Dev.)    45.2 (± 66.4)   2.1 (± 5.1)   0.3 (± 0.8)    0    0.3    0     0     0     0    2.6 (± 0.2)

Results
=======

At the time of treatment, 79 (96.3%) out of 82 included dogs were infested by ticks. Tick infested dogs had a mean intensity of 46.9 (± 65.7) and a mean abundance of 45.2 (± 66.4) (Table [1](#T1){ref-type="table"}); although about a quarter of the dogs (24.1%) were heavily infested ranging from 51 to 434 ticks per dog (Figure [1](#F1){ref-type="fig"}). Ticks were unevenly attached on the examined sites, with significantly more found on the ears (left 67.1%, right 76.8%), forelimbs (left 54.9%, right 61.0%) and hindlimbs (left 43.9%, right 42.7%), whereas the lowest infestation frequency was recorded in thighs (left 0.0%, right 3.7%) (χ^2^=168.21; *P* \< 0.0001) (Figure [2](#F2){ref-type="fig"}A). Tick abundance was higher on ears, abdomen, neck and thorax (Figure [2](#F2){ref-type="fig"}B). The average number of tick infested sites per dog was 5.1. Of the 77 dogs that tolerated combing, 53 (68.8%) were infested by fleas, with an estimated load between 20--50. In addition, 18.9% (10) of flea-infested animals presented clinical conditions associated with flea allergic dermatitis (FAD) (Figure [3](#F3){ref-type="fig"}, Table [2](#T2){ref-type="table"}). A total of 5 dogs were lost to follow-up. In particular, two dogs died at day 2 and day 7 with aggression and acute disease, respectively. Two other dogs were adopted at day 14 and at day 30, while one dog was un-collared at day 45 due to dermatitis on the ventral side of neck. Forty-eight hours after collar application, 49 (60.5%) and 9 (11.7%) dogs were still infested by live ticks and fleas, respectively. However, the mean intensity for ticks had decreased to 3.5 (± 4.3) with an overall reduction of 92.5% (Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}, Table [1](#T1){ref-type="table"}). After seven days, the number of tick and flea infested dogs had decreased to 12 (15%) and 3 (3.9%), respectively. No attached ticks or fleas were found on dogs at the day 14 visit and no ectoparasites were found on dogs in the further controls, except one tick infested dog showing two nymphs in the inter-digital spaces of forelimbs and two flea infested dogs (class 1--5) observed at the day 30 visit (Table [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). After eight months, at the time of replacement of collars, only two (2.6%) dogs out of the remaining 77 animals were found to be infested by ticks while none of the dogs examined were infested by fleas. All cases of FAD resolved without any other treatment within 30 days after the application of collars (Figure [3](#F3){ref-type="fig"}). Collars were well tolerated and no side effects were observed with the exception of the one dog mentioned above that showed an erythematous dermatitis on the ventral side of neck at day 45 post treatment. The dog was un-collared and dermatitis resolved without any treatment within two weeks. The ticks collected from dogs for speciation were all identified as *Rhipicephalus sanguineus sensu alto*\[[@B17]\], while fleas were all consistent with the species *Ctenocephalides felis*.

![**Tick infestation in a dog before the application of collar (Day 0).** Tick abundance was higher on armpits, thorax **(A)** and ears **(B**-**C)**.](1756-3305-6-210-1){#F1}

![Frequency (A) and mean abundance (B) of ticks on the body of infested dogs estimated using Inverse Distance Weight algorithm of data collected in 14 anatomical sites.](1756-3305-6-210-2){#F2}

![Dog presenting a severe flea allergic dermatitis (A) with a severe flea infestation (B-C); resolution of dermatitis and alopecia in the same dog 30 days after the application of collar (D).](1756-3305-6-210-3){#F3}

###### 

Number of flea infested dogs before (Day 0) and after (Day 2 -- Day 250) the application of imidacloprid/flumethrin slow release collars

                  **Visit**                                          
  -------------- ----------- ---- ---- ---- ---- ---- ---- ---- ---- ----
  **Positive**       53       9    3    0    2    0    0    0    0    0
  **Negative**       24       68   74   74   72   74   74   74   74   74
  **Examined**       77       77   77   74   74   74   74   74   74   74

![Percentage of ectoparasite infested dogs and tick mean intensity observed at the application of collars (D0) and in the follow-ups (D2-D250).](1756-3305-6-210-4){#F4}

![Cure of severe tick infestations in two dogs enrolled in the trial (A and D); Day 2 follow-up (B-E); Day 7 follow-up (C and F).](1756-3305-6-210-5){#F5}

Discussion
==========

The present investigation reports novel data on the efficacy and safety of the combination of imidacloprid/flumethrin in a polymer matrix slow release collar for the treatment and the prevention of tick and flea infestations in a high-risk exposed community of dogs. The combination proved to be safe and efficacious in rapidly curing pre-existing infestations and successfully preventing new ones over a period of 250 days. Additionally, the collar proved to be very effective for the treatment of FAD. Although numerous environmental treatments had been performed before collar application, the sanitary conditions of dogs at the beginning of the investigation appeared extremely dramatic. Indeed, most of the enrolled dogs were heavily infested by ticks and fleas with a considerable percentage of them clearly suffering from these conditions and/or presenting associated diseases such as FAD. In accordance with previous reports \[[@B5],[@B20]-[@B22]\] the most frequent tick infested sites were located in the anterior regions of dogs (e.g. head, ears, neck and forelimbs). The evident difficulties of dogs in self-grooming on some of these sites to actively remove ticks could be accounted as one of the main explanations of the uneven distribution observed \[[@B22]\]. However, other reasons such as skin thickness, odours \[[@B5]\], and arrival point of questing stages \[[@B23]\] have also to be taken into account to explain this un-scattered distribution. The heavy tick infestation and parasitic pressure experienced by dogs enrolled in this investigation is evidenced by the value of mean intensity recorded at day 0 (46.9), which is two-fold higher than that recorded in a previous study conducted in a similar setting, season and dog population \[[@B5]\]. The scarce efficacy observed for the environmental treatments might be explained by numerous variables affecting the worth of this control measure \[[@B9]\]. Even if useful under some circumstances, environmental treatments are primarily directed to the control of-host lifecycle stages of ectoparasites, which are resting in hidden and inaccessible places most of the time \[[@B24],[@B25]\]. This, in our case, was amplified by the particular surroundings of the refuge that was constructed in an old citrus plantation abounding in ideal sites for off-host stages (e.g. limestone walls, trees, bushes and several cracks and crevices on walls and ground). Under these conditions, the high efficacy of imidacloprid/flumethrin slow release collar in fast curing pre-existing ectoparasite infestations and preventing new ones is explained by the particular key features associated with this new product that makes it a reliable tool for the control of ectoparasites in dogs. Indeed, the two active molecules in the collar exhibit a neuro-pharmacological excitatory effect through a synergistic mechanism \[[@B12],[@B13],[@B26]\]. In addition, the polymer matrix system ensures that both active ingredients are slowly and continuously released from the collar towards the animal, thereby avoiding peak concentrations and ensuring that concentrations are present in the animal hair coat during the entire efficacy period \[[@B13]\]. This unique association of technology, long-term efficacy and ease of use have contributed to the excellent results observed in our investigation. The contemporaneous application of collars to almost all the dogs hosted in the shelter has produced a fast killing effect of the pre-existing parasitic stages on dogs (92.5% in 48 h for ticks) and the complete removal of any ectoparasite infestation from treated animals within 14 days. Collars also proved to be efficacious in preventing new infestations. Crawling ectoparasites were, indeed, soon repelled from collared animals (Additional file [1](#S1){ref-type="supplementary-material"}) and no more ticks and/or fleas were found on dogs after day 14, excluding one minimally tick infested and two flea infested dogs at day 30, and two tick infested dogs at day 250. In our investigation no negative control group was planned for ethical reasons. However, in five dogs, allowed to free range inside the refuge premises, it was not possible to place collars due to their scared and unfriendly behaviour. Interestingly, in these dogs evident tick infestations were regularly observed from day 0 up to day 60 which confirmed, at least for this period, the constant risk for dogs housed in the refuge of being infested by ticks (Figure [6](#F6){ref-type="fig"}). Cases of FAD represent another indirect way for the evaluation of efficacy against ectoparasites, in this case fleas. It is well known that animals suffering from FAD can easily show relapses especially when treated with short-term duration insecticides (e.g. spot-on) when the inter-treatment period is inappropriately stretched \[[@B13],[@B27],[@B28]\]. It is important to note that in our investigation all the 10 cases of pre-existing FAD completely resolved without the help of any palliative treatments within 30 days from collar application. This result confirms the high and long-term efficacy against flea infestation of the investigated collars and suggests how these can be effectively employed as a unique strategy for the treatment and prevention of FAD in dogs. With regards to the safety of the employed product, with the exception of one case of a local and transient reaction at the collar application site no other suspected adverse drug reaction was observed in treated animals. Furthermore, none of the enrolled dogs lost the collar during the period of investigation. The case of local reaction at the collar site was characterized by an erythematous dermatitis on the ventral side of the neck that appeared about 45 days after application of the collar and healed spontaneously without any treatments when the collar was removed. It is likely that this reaction was due to mechanical rubbing of the collar, which might have been fitted too tightly and/or for a particular skin sensitivity of the treated dog. These observations of overall high safety reflect the experiences made on the product's safety and toxicity in previous studies \[[@B12],[@B13]\]. They confirm that this device can be considered safe also in a particular setting such as refuges or dog communities where dogs are mostly housed in collective pens and allowed to freely range around trees and bushes. Finally, another result of great value was produced on shelter volunteers who, comprehensibly, appreciated the interruption of the biocide sprayings that had little effect, allowing notable savings of both money and time Volunteers appreciated the fast resolution of infestations and were no longer afraid of being bitten by ticks or fleas, and felt comfortable again when accomplishing their activities with dogs and also when they were inside the pens.

![Un-collared dog allowed to free-range inside the shelter showing a severe tick infestation at day 60 of investigation.](1756-3305-6-210-6){#F6}

Conclusions
===========

Ectoparasites of dogs represent a year-round hazard and are of great importance in veterinary medicine. In some particular settings such as dog refuges, sustainable and long-term strategies to control ectoparasite infestations are needed. Environmental treatments as well as topical treatments (e.g. spot-on or sprays) entail main disadvantages that considerably limit their use and efficacy in large dog communities. Based on the observed evidence of efficacy, long-term duration and safety the imidacloprid/flumethrin slow release collars can be regarded as an efficacious and sustainable means for ectoparasite control and for treatment of FAD in high-risk dog communities.
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###### Additional file 1

**Tick repelled from a collared dog.** Movie shows a tick that is soon repelled from the treated animal with evident neurological excitatory effect caused by the two active molecules contained in the slow release collar.
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